Abbreviations: NMR, nuclear magnetic resonance; SOM, soil organic matter
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Lehmann and Kleber (2015) claim that multidimensional solution NMR studies (Kelleher 21 and Simpson, 2006) prove that humic acids are mainly assemblages of small molecules derived 22 from plant biopolymers and that no evidence exists for complex molecules formed through 23 secondary synthesis. While we agree that humic substances are assemblages of small molecules 24 (<1000 Daltons), we cannot accept the notion that secondary synthesis is not active in the process.
25 Our vision is that plant biopolymers do indeed degrade, but not completely, and, in the process, 26 the small molecules form aggregates and can undergo reactions or chemical modifications we call 27 secondary synthesis. They also claim that solid-state 13 C NMR studies of size-fractionated soils 28 progressively show that plant biopolymers in litter layers are uniformly lost through 29 biodegradation (Baldock et al., 1992) , such that the only remnants in mineral-rich fractions are 30 microbial residues.
31
In this report we provide evidence challenging the interpretation that humic substances are 32 processing artifacts, and show that this view is significantly flawed by examining three low-33 mineral-matter peat soils, one enriched in Fe, another containing a moderate amount of Fe, and the 34 third depleted of Fe, to compare with traditional alkali extract fractions of fulvic acids, humic 35 acids, and a residue called humin. We track the yield of each fraction in two of the peats and use 36 this information along with analyses of the whole soil and associated fractions by quantitative 37 solid-state 13 C NMR.
38

Cao and Schmidt-Rohr (2018) recently challenged this new vision that humification does
39 not exist in soils using a similar 13 C NMR approach comparing humic acids from numerous sites 40 with plant biopolymers. In their paper, they discount the solution NMR evidence as being non- 57 in soil or soil-like materials and attempted to remove Fe from the soil organic matter with limited 58 success. More resolved NMR spectra were obtained but the Fe removal via HF digestion proved 59 to induce low C recoveries (Gonçalves et al., 2003) . Our strategy is to examine three peats which 60 vary in Fe content and to remove the Fe from humic acids by ion exchange such that the NMR 61 spectra are not impacted.
62
The results reported here are straightforward. We obtain quantitative solid-state 13 C NMR 63 spectra of 1) original peat, 2) humic acids, and 3) humin, extracted and separated by standard 64 protocols with one variation in which we treat the alkali extract with ion exchange resin to remove 65 Na and other metals. The extract and insoluble humic substances are then freeze-dried and added 66 in proportions equal to their yield from the original soil to form reconstituted peat SOM. Our goal 67 is to challenge the idea promoted by Lehmann and Kleber (2015) Lehmann and Kleber (2015) .
77 However, if the spectra of humic acids are vastly different from the original soil and reconstitution 78 yields a spectrum that differs significantly from that of the original soil, then several explanations 79 are possible: 1) the premise that humic extracts are artificial is valid and 2) the original spectrum 80 of humic acids as they exist in whole soil are influenced by paramagnetic metals and are not 81 quantitative representations of the organic matter being analyzed.
83
Materials and Methods
85
Taxodium peat from the Okefenokee Swamp (Georgia) and its corresponding humic acid 86 fraction and humin fraction were obtained from a previous study (Hartman et al., 2015 ). An 87 Indonesian peat sample was studied previously as well (Orem et al., 1996) . The third sample was 88 from a core taken in Conservation District 2 of The Everglades National Park. Samples were 89 prepared using a modified International Humic Substances Society (IHSS) method. Briefly, peat 90 samples were extracted with 0.1 M NaOH for 24 hours under an atmosphere of N 2 , followed by 91 centrifugation to separate the humin fraction from the soluble humic/fulvic acid fraction. The 92 humin fraction was then washed and centrifuged to neutrality using ultra-quality MilliQ water 93 before freeze-drying. The NaOH extract containing humic and fulvic acids was treated with cation 94 exchange resin (Dowex 50WX8) to remove sodium and other metals prior to acidification (pH 2)
95 using HCl resulting in a dark humic acid precipitate. Humic and fulvic acid fractions were 96 separated by centrifugation and subsequently freeze-dried. The final humic acid residue was rinsed 97 with dilute HCl for several times prior to freeze-drying. For the Indonesian peat sample, the freeze-98 dried fractions of humin, humic, and fulvic acids were recombined and homogenized using a 99 mortar and pestle before 13 C NMR analysis. 115 4 mL of the concentrated acid mixture was added to repeat the digestion and evaporation process.
116 Then the dried residue is suspended in 4 mL 8 M HNO 3 and centrifuged at 5000 rpm for 15
117 minutes. This rinse and centrifuge process was repeated once, and the supernatant was combined 118 to be evaporated at 85 ºC to incipient dryness. Then the sample was re-dissolved in 4mL 2% HNO 3 119 prior to flame atomic absorption measurement.
120
All NMR experiments were performed at a Bruker Advance II spectrometer with 1 H 121 resonating at 400 MHz and 13 C resonating at 100 MHz equipped with a 4 mm H-X MAS probe 122 head. The 13 C chemical shift were calibrated to a glycine external standard (176.03 ppm). The solid-state 13 C NMR spectra of humic acids extracted from the three peat samples are 159 shown in Figure 2 . The most striking observation is the similarity of the humic acid spectra and 160 the fact that aromatic carbons are significantly more intense than they are in the respective whole 161 samples, specifically the large peak at 130 ppm. Also apparent is the lower intensity for aliphatic 162 carbons (0-50 ppm), especially in the Everglades humic acid (Figure 2 
178
Figure 2. Solid-state 13 C NMR spectra of the three peat humic acid samples. 179 180 181
To test this hypothesis on a sample that is not influenced by Fe, we separated the Indonesia 182 peat sample into several fractions based on traditional alkaline extraction. Thus, the whole peat 183 was treated as described above to isolate humic acids, humin (insoluble in alkali), and fulvic acids 184 (alkali and acid-soluble fraction). Table 2 shows the mass yields in each of the isolates. Alkali 185 extraction with 0.1 M NaOH removed about half of the organic matter in this low-ash (0.75%) and Lehmann and Kleber (2015) would argue that this proves that the NaOH modified the peat 210 sample. Our explanation contrasts sharply in suggesting that the humic acids represent humified 211 original plant materials that have undergone secondary transformations such that they become 212 more soluble in dilute alkali than unaltered plant biopolymers and differ in their spectral 213 representations from the minimally-altered plant-derived biopolymers in humin. It is not possible 214 to determine which explanation is more valid from the spectra alone. A test for the case that NaOH artificially created the humic acids is to take the dried extracts 219 of each alkali-isolated fraction (humin, humic acids, and fulvic acids), recombine them in the same 220 proportions in which they were recovered from the peat, and then compare the recombined 221 spectrum with that of the original peat. Figure 4 shows this comparison for the Indonesia and 222 Everglades peats. The original peat spectra are virtually identical to those of the recombined 223 fractions with only minor differences in the resonance region of 100-160 ppm, the aromatic region.
224 This ability to reconstitute the spectra of the original samples strongly suggests that the alkali 225 extraction did not produce artifacts and that humic acids are real components of the peat samples, 226 especially when one considers that the humic extract makes up a large fraction of the sample mass 227 for the Indonesia peat ( Table 2 ). The minor difference in resonance intensity in the 100-160 ppm 228 region could be associated with removal of some organic matter in humic and fulvic acid fractions 229 by treatment with ion exchange resin. Alternatively, it could be due to the fact that humic acids 230 underwent some Fe removal by ion exchange. We are taking a closer look at this possible effect 231 and will report this in due course.
232
We applied the biopolymer mixing model of Baldock et al. (2004) to the spectra of whole 233 soil, humin, humic acids, and the recombined Indonesia and Everglades peats ( 
